Background and objectives: Vitamin þ mineral supplement (VMS) and dietary supplement (DS) use is widespread in the general population, but the motivations for such use are poorly known. The prevalence and characteristics of VMS and DS users in Lausanne, Switzerland, were thus assessed. Method: Cross-sectional study was performed including 3249 women and 2937 men (CoLaus study). VMS were defined as single or multivitamin-multimineral preparations. DS included omega-3 or omega-6 fatty acids, herbal teas, plant or animal extracts and bacterial (Lactobacillus) preparations. Calcium and iron supplements were assessed separately. Results: Twenty-six percent of the subjects reported using VMS or DS. VMS were the most frequently consumed item (16.8%), followed by DS (10%), calcium (6.6%) and iron (1.8%). Women reported a higher consumption than men. In women, VMS, DS and calcium use increased and iron use decreased with age, whereas in men only VMS and calcium intake increased with age. Multivariate analysis showed female gender, being born in Switzerland, increased age, higher education and increased physical activity to be positively related with VMS and DS. On bivariate analysis, VMS and DS users presented more frequently with arthritis, anxiety, depression and osteoporosis, but on multivariate analysis only positive relationships between DS use and anxiety/depression (odds ratio (OR) ¼ 1.40; 95% confidence interval (CI): [1.16-1.70]) and calcium and osteoporosis (OR ¼ 10.6;.4]) were found. Conclusion: VMS and DS use is common in the population of Lausanne and associated with a better health profile. Calcium supplements are taken to prevent osteoporosis, whereas the rationale for taking other VMS and DS is unclear.
Introduction
Vitamin þ mineral supplement (VMS) or dietary supplement (DS) use is increasingly common in the general population.
Prevalence of VMS users may be as high as 56.5% in the United States (Balluz et al., 2005) with lower albeit significant levels in European countries (Klipstein-Grobusch et al., 1998; Marques-Vidal et al., 2000; Knudsen et al., 2002; Waskiewicz et al., 2003; Harrison et al., 2004) . Within the general population, some subgroups are characterized by a higher consumption, namely women (Rock, 2007) , the elderly (Balluz et al., 2005; Raji et al., 2005; Schwarzpaul et al., 2006; Rock, 2007) , athletes (Ronsen et al. 1999; Nieper, 2005) and highly educated subjects (Marques-Vidal et al., 2000; Waskiewicz et al., 2003; Brustad et al., 2004; Rock, 2007) , although this latter relationship has been challenged (Rössler et al., 2006) . The main motive for VMS or DS use is health promotion or disease prevention (Blendon et al., 2001) , although the effects of VMS or DS in randomized trials have been rather disappointing (Fairfield and Stampfer, 2007; Hsia et al., 2007; Huang et al., 2007; Traber, 2007) if not deleterious (Omenn et al., 1996) . Still, most studies have shown that vitamin supplement users usually present a healthier lifestyle (Klipstein-Grobusch et al., 1998; Harrison et al., 2004; Balluz et al., 2005; McNaughton et al., 2005; Rock, 2007) , a lower incidence of diabetes (Ford, 2001 ) and of cardiovascular disease (Holmquist et al., 2003) , although this relationship has been challenged (Muntwyler et al., 2002) . Although VMS and DS intake enables adequate micronutrient intake in some groups (Kiely et al., 2001; Touvier et al., 2005) , excessive intake might present deleterious results (Mallory et al., 2003; Penniston and Tanumihardjo, 2003; Waskiewicz et al., 2003; Ford et al., 2005; Murphy et al., 2007) . Thus, adequate knowledge of the prevalence of VMS and DS use in the general population is interesting, so to assess its current micronutrient intake and also to prevent potential deleterious effects due to misuse (Murphy et al., 2007) ; further, inappropriate DS use may cause interactions with other drugs or lead to serious consequences (Valli and Giardina, 2002; Shekelle et al., 2003; Sparreboom et al., 2004) . Still, to our knowledge, no study on the prevalence of VMS use has ever been conducted in Switzerland. In this study, we used data from the CoLaus study to assess the prevalence and the characteristics of VMS or DS users in the population of Lausanne.
Methods

Recruitment process
The recruitment procedure of the CoLaus study has been described elsewhere (Firmann M, submitted) . Briefly, the complete list of the Lausanne inhabitants aged 35-75 years (n ¼ 56 694) was provided by the population registry of the city, and a random sample of 35% was drawn. An invitation letter with a quick description of the study and a formulary in a pre-stamped envelope was sent to all randomized subjects.
Since the CoLaus study aimed at including only Caucasians to avoid population stratification and increase genetic homogeneity for association studies, the following inclusion criteria were applied: (a) written informed consent; (b) aged 35-75 years; (c) took part in the examination and with blood sample drawn; and (d) Caucasian origin. Caucasian origin was defined as having both parents and grandparents Caucasian. A summary of the recruitment process is indicated in Figure 1 .
Assessment process
All participants were asked to attend the outpatient clinic at the Centre Hospitalier Universitaire Vaudois (CHUV) in the morning after an overnight fast. Data were collected by trained field interviewers in a single visit lasting about 60 min. Informed consent was obtained from participants upon their arrival at the study clinic.
Questionnaire data
The first questionnaire recorded information on demographic data, socio-economic and marital status, several lifestyle factors, such as tobacco and alcohol consumption, and physical activity. Age was categorized into four groups: 35-44, 45-54, 55-64 and 65 þ years. Education was categorized into four groups: basic education, secondary school, apprenticeship, high school/college and university degree. Smoking status was categorized into current, former and never. Alcohol consumption was present if the subject answered positively to the question 'Do you currently drink alcoholic beverages?'.
Vitamin þ mineral or dietary supplement use
The second questionnaire on an interview basis focused on personal and family history of disease and treatment. All 
Results
Sample characteristics
Overall, 6188 subjects were recruited; the proportion of women and of subjects aged over 55 years was similar to that of the original population (52.5 vs 53.4%, P ¼ 0.08 and 39.7 vs 40.7%, P ¼ 0.11, respectively). In this study, 6186 subjects (3249 women and 2937 men) with complete data were analysed. Their clinical and socio-economical characteristics are summarized in Table 1 . Women were significantly older, had a lower body mass index, smoked less and reported a lower frequency of alcohol drinking than men. Women also reported a higher frequency of arthritis, allergy/rhinitis, anxiety, depression, cancer and osteoporosis than men. Men had more frequently a full-time job and a higher educational level than women. Finally, no differences were found regarding the frequency of Swiss nationals or physical activity.
Prevalence of vitamin and dietary supplements use
Prevalence of VMS and DS use according to gender is presented in Table 2 . Overall, slightly more than one quarter of the sample reported taking VMS or DS. VMS were most frequently consumed, followed by DS, calcium and iron. Women reported a higher consumption of all items than men, such as iron and calcium (91 and 87% of all consumers, respectively). In women, VMS, calcium and DS use increased with age, whereas for supplemental iron a significant decrease with age was noted (data not shown). In men, a slight increase in VMS and calcium use with age was noted, whereas no significant trend was found for DS or supplemental iron (data not shown).
Characteristics of vitamin and dietary supplements users
The characteristics of the subjects according to VMS, calcium and DS use are summarized in Tables 3 and 4 . On bivariate analysis, subjects taking VMS were more frequently women, were significantly older, more frequently born in Switzerland, less frequently obese, more highly educated, less frequently on a full-time job and reported a higher physical activity than non-users. VMS users also reported a higher frequency of arthritis, allergy/rhinitis, anxiety, depression, cancer and osteoporosis (Table 3) . Multivariate analysis by logistic regression showed being a woman, of increased age or education, presenting with anxiety, depression or osteoporosis to be positively related and obesity to be negatively related to VMS use (Table 4) . Subjects taking DS were more frequently women, were older, more frequently born in Switzerland, less frequently obese, smoked less, were more highly educated, less frequently on a full-time job and reported a higher physical activity than non-users (Table 3) . Regarding personal history of disease, DS users presented more frequently with arthritis, anxiety, depression and osteoporosis (Table 3) . Multivariate logistic regression showed female gender, being born in Switzerland, being former smoker, being highly educated, reporting physical activity and presenting with arthritis, anxiety and depression to be positively related, and body mass index status to be negatively related with DS use (Table 4) .
Calcium supplement users were more frequently women, were older, more frequently born in Switzerland, less frequently obese, smoked and drank less, had less frequently a full-time job, and were more physically active; they also reported more frequently arthritis, anxiety, depression, cancer and osteoporosis (Table 3) . Multivariate logistic regression showed female gender, older age, higher education and history of osteoporosis to be positively related to calcium use (Table 4) .
Young women (less than 55 years) took more frequently supplemental iron, which was also more frequently consumed by normal weight subjects. On multivariate analysis, women had an odds ratio (OR) of 10.2 (95% confidence interval: 5.21-20.0) for using iron supplements relative to men; subjects with obesity or anxiety/depression also presented a higher likelihood of using iron supplements (OR ¼ 1.89 and 1.32, respectively, Po0.05), whereas an inverse relationship was found between age and supplemental iron use (P-value for trend: 0.006).
Finally, bivariate analysis after excluding subjects with calcium or iron supplements from VMS users showed that female gender, being born in Switzerland, a lower body mass index status, increased education and personal history of allergy/rhinitis or anxiety/depression were positively related and physical activity and personal history of osteoporosis were inversely related with VMS use (data not shown). On multivariate analysis, female gender, education and personal history of anxiety/depression were significantly and positively related to VMS use (data not shown).
Discussion
In this population-based study, almost one-quarter of all participants consumed VMS or DS. This prevalence is lower than in the United States (Balluz et al., 2005) , Denmark (Knudsen et al., 2002) , the United Kingdom (Harrison et al., 2004) or Germany (Beitz et al., 2004; Schwarzpaul et al., 2006) but higher than in Poland (Waskiewicz et al., 2003) or France (Marques-Vidal et al., 2000) . On bivariate analysis, participants born in Switzerland consumed VMS or DS more frequently than foreign participants, but this difference became nonsignificant after multivariate adjustment. Conversely, the association with higher education remained. Thus, it is likely that the differences regarding VMS or DS use were actually due to differences in educational level, as noted previously (Delhumeau et al., 2007) .
In agreement with other studies (Knudsen et al., 2002; Radimer et al., 2004; Rock, 2007) , women consumed VMS and DS more frequently than men. The reason for the higher consumption in women might be a higher frequency of reported illnesses such as musculoskeletal diseases (Harrison et al., 2004) , cancer (Patterson et al., 2003) , anxiety or allergy, which will make them seek alternative treatments, although no relationship between VMS use and chronic disease has been noted in other studies (Balluz et al., 2005) . Indeed, prevalence of VMS and DS increased in subjects reporting a personal history of arthritis, anxiety/depression, osteoporosis, allergy/rhinitis and cancer, although no relationship was found between the last two diseases and DS use.
In agreement with the literature (Balluz et al., 2005; Raji et al., 2005; Schwarzpaul et al., 2006; Rock, 2007) , VMS use increased with age, particularly in women. Again, this increase might partly be due to the increase in age-related chronic diseases, although other hypotheses such as vitamin B 12 supplementation because of chronic gastritis or decreased absorption cannot be ruled out (Carmel, 1997; Thurman and Mooradian, 1997; Sharkey et al., 2002) . Vitamin or dietary supplement users in Switzerland P Marques-Vidal et al Vitamin or dietary supplement users in Switzerland P Marques-Vidal et al Vitamin or dietary supplement users in Switzerland P Marques-Vidal et al Subjects with a higher educational level reported a higher frequency of VMS or DS intake, which is in agreement with several authors (Marques-Vidal et al., 2000; Waskiewicz et al., 2003; Brustad et al., 2004; Rock, 2007) , but not with others (Rössler et al., 2006) . Since it has been shown that in Switzerland the higher socio-economic groups have better dietary intakes than lower educated groups (Eichholzer et al., 2005; Delhumeau et al., 2007) , the need for VMS or DS use by the more educated group might be questionable. Possible explanations include a higher health awareness, which will make better educated subjects consume VMS and DS as part of a preventive strategy that also includes increased physical activity and reduced smoking. For instance, increased VMS and DS use has been noted among ex-smokers (Knudsen et al., 2002) and physically active subjects (Foote et al., 2003; Radimer et al., 2004) , although the relationship with smoking status has been questioned (Radimer et al., 2004) . In this study, no significant independent relationship between VMS and physical activity was noted, although a positive relationship was found with DS. A possible explanation might be that a fraction of the subjects taking VMS are elderly subjects taking calcium supplements. Indeed, the relationship between physical activity and VMS use became significant after excluding subjects taking calcium (data not shown). Thus, our data indicate that, in agreement with other studies (Foote et al., 2003; Beitz et al., 2004; Brustad et al., 2004; Balluz et al., 2005; McNaughton et al., 2005) , VMS or DS consumption is associated with a positive health behaviour. Finally, the more educated groups are also characterized by a better financial status (Ribet et al., 2007) , although this statement has been challenged (Kaplan and Keil, 1993; Krieger et al., 1997) . As most VMS and DS are not reimbursed by health insurances and the social security, the better financial status or the more educated subjects would enable them to buy those supplements more easily than the less well-educated groups. Still, no information regarding personal or family income was collected, and further studies are needed to better assess this point.
As reported above, calcium supplements (with or without vitamin D) were highest in elderly women, probably for the prevention of osteoporosis. Indeed, 40% percent of women aged more than 55 years reported taking calcium supplements, whereas the corresponding figure for men aged more than 65 years was less than 5%. These values are higher than those reported previously (Brzozowska et al., 2002) and might indicate a better prevention of osteoporosis among women in Switzerland. Still, although male gender and increased body mass index might be protective towards osteoporosis (Felson et al., 1993) , the low prevalence of calcium supplements (with or without vitamin D) in men raises some concern, as it has been shown that dietary calcium intake among elderly is below the recommended levels (Gennari, 2001; Marshall et al., 2001; Sharkey et al., 2002; Dumartheray et al., 2006) and that mortality and morbidity after hip fracture are much greater in men (Adler, 2006) . Supplemental iron is usually prescribed for anaemia, which is more frequent among premenopausal women (Hercberg et al., 2001) . Thus, it was not unexpected that a higher frequency of use was found in premenopausal women. Even then, iron supplement use should be monitored with some caution, as excessive intake might have deleterious effects (Mallory et al., 2003) .
Finally, it should be noted that calcium and iron supplements represented almost one-third of VMS. Since these supplements might be prescribed for medical reasons and in selected age groups, it might be important to separate them from non-prescribed VMS, as they might bias the relationships. Indeed, excluding subjects with calcium or iron supplements from VMS users lead to a nonsignificant effect of age regarding VMS use, whereas the relationships with female gender and education were maintained.
Although the consumption of VMS or DS as a preventive measure actually lacks strong scientific basis (Anonymous, 2006; Hsia et al., 2007; Huang et al., 2007; Traber, 2007; Fairfield and Stampfer, 2007) , still many users feel so strongly about the potential health benefits of VMS or DS that they would continue to take them even if they were shown to be ineffective in scientifically conducted clinical studies (Blendon et al., 2001; Nichter and Thompson, 2006) . Further, as an increased number of fortified foods enter the Swiss market annually (Wälti and Jacob, 2007) , information should be provided to the lay public on their effectiveness and to prevent vitamin or mineral intoxication due to (un)voluntary excessive consumption of VMS or DS (Mallory et al., 2003; Penniston and Tanumihardjo, 2003; Waskiewicz et al., 2003; Ford et al., 2005; Murphy et al., 2007) .
This study has several limitations. First, a standardized definition of VMS and DS is not available, making prevalence estimates and between-survey comparisons difficult (Brownie and Myers, 2004; Moyers et al., 2007) . For instance, some authors separate multivitamin-multimineral formulations (defined as containing three or more vitamins with or without minerals) from other supplements (Rock, 2007) , whereas others include all types of VMS (Beitz et al., 2004; Schwarzpaul et al., 2006) . The definition of DS also differs between countries (Brownie and Myers, 2004) , namely between the United States (Hathcock, 2001 ) and the European Union (Anonymous, 2002) . In this study, we defined VMS as all prescribed or freely purchased preparations with specific vitamins or minerals indicated, including single or multivitamin-multimineral preparations. We also decided to conduct a separate analysis for calcium (7vitamin D) and iron supplements, as they are usually prescribed for specific illnesses, whereas the medical prescription of VMS (apart from vitamin B for alcohol withdrawal) is much less frequent. Since the number of subjects taking vitamin B for alcohol withdrawal was small (less than 10 subjects), it is thus unlikely that most VMS or DS were prescribed for a specific disease. Second, the participation rate was relatively low (41%), which might limit the generalization of the findings; yet, this participation rate is comparable with the Vitamin or dietary supplement users in Switzerland P Marques-Vidal et al MONICA surveys conducted in Switzerland and in France (Wolf et al., 1998) . Further, subjects who agreed to participate might be more health conscious and at a lower risk than those who refuse (Lewis et al., 1996; Wall and Teeland, 2004; Chinn et al., 2006) , which would lead to an overestimation of the true prevalence of VMS and DS use. Still, it should be noted that the distribution of age groups 35-54 and 55-75 years in the CoLaus study was comparable to the source population and there was no gender or zip code distribution difference between the source population and the CoLaus participants (data not shown). Although the optimal sampling frame would have consisted of a list of all Caucasians living in the city, information on ethnicity was not available to the investigators before examination and it was not possible to assess whether ethnicity had an effect on the participation rate. Third, it was not possible to assess the exact amount of vitamin or mineral intake, as the posology and exact composition of the supplement were not collected. Even if it was performed, some DSs do not indicate the amounts of vitamins or minerals per unit per vial per volume, making estimations difficult. Finally, another limitation is that dietary intake of the participants was not assessed; hence, it was not possible to assess the adequacy of the vitamin and mineral intake of the participants and the contribution of VMS or DS to the latter.
In summary, our data indicate that VMS and DS use is common in the general population and that the prevalence increases in women and among higher educated subjects. Apart from calcium supplements for the prevention of osteoporosis, the indications for VMS and DS use are questionable.
